. Carbonyl ligand stretching frequencies of M(L)(CO) 4 Table S3 . Crystallographic data and refinement information. 
Materials and Methods
Unless otherwise noted, all transformations and manipulations were performed under an atmosphere of N 2 or Ar using standard Schlenk and glovebox techniques. Acetonitrile, pentane, toluene, and tetrahydrofuran (THF) were dried on a custom solvent purification system and stored over 3Å molecular sieves. Complexes 1, 2, and 3 were synthesized according to literature methods and spectroscopic data matched literature values. 1,2 Potassium graphite (KC 8 ) was synthesized according to literature procedures and stored in the glovebox freezer prior to use. 3 Tetrabutylammonium hexafluorophosphate (TBAPF 6 ) was recrystallized from methanol and dried under vacuum. All other reagents and solvents were purchased from commercial suppliers and used as received. FT-IR data was collected on a Thermo Nicolet 6700. 1 H and 13 C NMR spectra were collected on a Varian 400 MHz spectrometer or Bruker Avance III 300 MHz spectrometer equipped with a broad band probe. NMR data was referenced against residual solvent peaks and reported downfield of tetramethylsilane (δ = 0 ppm). Elemental analyses were performed by Midwest Microlab, LLC in Indianapolis, IN.
Synthesis of W(4,4'-di-tert-butyl-2,2'-bipyridine)(CO) 4 (4)
A stirring 15 mL toluene solution of 4,4'-di-tert-butyl-2,2'-bipyridine (352 mg, 1.31 mmol) and W(CO) 6 (404 mg, 1.15 mmol) was refluxed for 17 h. The solution was filtered through a plug of basic alumina, which was rinsed 3 times with 30 mL dichloromethane. The combined solvent was removed under vacuum and the solid was collected on a filter and rinsed 3 times with 20 mL of pentane to yield a dark red solid (488 mg, 75.3% yield). 1 13 
Synthesis of [W(2,2'-bipyridine)(CO) 4 ][K(18-crown-6)] (5)
Similar to the analogous reductions of Re(bpy-tBu)(CO) 3 Cl in THF, 4 20 mL of 3 mM 2 and 18-crown-6 (1.1 equiv) in THF was cooled to -35 ºC. KC 8 (1.1 equiv) was then added to the solution and shaken, in which the solution turned from red to dark orange. The solution was allowed to warm to room temperature (~30 minutes) upon which it was filtered to afford a dark orange solution of the anion. The solvent was removed under reduced pressure, rinsed twice with 1 mL of pentane, then dried under vacuum to yield a black orange solid in 45% yield. X-ray quality crystals were grown from the vapour diffusion of pentane into a portion of a 3 mM THF solution of 5. IR (THF) υ(CO): 1984 cm -1 , 1857 cm -1 , 1838 cm -1 , 1800 cm -1 .
Synthesis of [W(4,4'-di-tert-butyl-2,2'-bipyridine)(CO) 3 ][K(18-crown-6)] 2 (6)
Complex 6 was synthesized and characterized in a similar fashion to 5, using a 3 mM of 4 in THF, 2.2 equivalents 18-crown-6 (for X-ray and FTIR) and 2.2 equivalents of KC 8 to yield a dark purple solution of 6. Upon drying a black purple solid was obtained with a yield of 73%. 1 
Synthesis of [W(4,4'-di-tert-butyl-2,2'-bipyridine)(CO) 3 ][K(18-crown-6)]
The di-tert-butyl monoanion was synthesized and characterized in a similar fashion to 5, using 10 mL of 2 mM 4 in THF, 1.1 equivalents 18-crown-6 and 1.1 equivalents of KC 8 to yield a dark orange solution. The black orange solid was collected with a yield of 43%. IR (THF) υ(CO): 1982 cm -1 , 1854 cm -1 , 1835 cm -1 , and 1798 cm -1 .
Synthesis of [W(2,2'-bipyridine)(CO) 3 ][K(18-crown-6)] 2
The tungsten bipyridine dianion was synthesized and characterized in a similar fashion to 5, using a 2 mM of 2 in THF, 2.5 equivalents 18-crown-6 and 2.2 equivalents of KC 8 to yield a dark purple solution. The black purple solid was collected with a yield of 55%. 1 H NMR (300 MHz, THF-d 8 ): δ = 4.69 (br, 2H), 5.46 (br, 2H), 6.67 (br, 2H), 8.44 (br, 2H). IR (THF) υ(CO): 1840 cm -1 and 1711 cm -1 .
Electrochemistry
Electrochemical experiments were performed with a BAS CV-50W or BAS Epsilon potentiostat using a singlecompartment cell. A 1 mm diameter glassy carbon electrode, Pt wire counter electrode, and Ag/AgCl reference electrode (separated from the solution by a vycor tip) were used for all experiments. Cyclic voltammograms were performed at room temperature under N 2 or CO 2 in an acetonitrile solution of 0.1 M TBAPF 6 as the electrolyte, which was purged with N 2 or CO 2 before each experiment. The scan rate for cyclic voltammetry was 100 mV·s -1 unless otherwise noted. Decamethylferrocene (Fc*) was used as the internal reference, which was then used to reference to SCE.
Bulk Electrolysis
Bulk electrolysis experiments were performed using a BAS Epsilon potentiostat connected to a 60 mL singlecompartment cell designed on our laboratory. A 1 mm glassy carbon working electrode, Pt wire counter electrode surrounded by a glass rod (open at the end), and a Ag/AgCl reference electrode protected by a vycor tip was used in the setup. The bulk reductions were performed on a 30 mL scale with a catalyst concentration (4) of 1 mM and 0.1 M TBAPF 6 . The solution before each experiment was purged with either dry N 2 or CO 2 gas. Gas analyses were performed on a Hewlett-Packard 7890A Series gas chromatograph with two molsieve columns (30 m × 0.53 mm ID × 25 μm film). The injected 1 mL sample of the cell's head was split between the two columns which differed by their carrier gas (N 2 and He) and allowed S3 for quantification of both CO and H 2 in each run. The volume of CO or H 2 was elucidated from the peak area, correlated by gas chromatography calibration curves.
X-Ray Crystallography
Single crystal X-ray diffraction studies were carried out on a Bruker Kappa APEX-II CCD diffractometer equipped with Mo Kα radiation (λ = 0.71073 Å) or a Bruker Kappa APEX CCD diffractometer equipped with Cu Kα radiation (λ = 1.54184 Å). The crystals were mounted on a Cryoloop with Paratone oil and data were collected under a nitrogen gas stream at 100(2) K using ω and ϕ scans. Data were integrated using the Bruker SAINT software program and scaled using the SADABS software program. Solution by direct methods (SHELXS) produced a complete phasing model consistent with the proposed structure. All non-hydrogen atoms were refined anisotropically by full-matrix least-squares (SHELXL-97). 5 All hydrogen atoms were placed using a riding model. Their positions were constrained relative to their parent atom using the appropriate HFIX command in SHELXL-97. Crystallographic data for complexes 3, 4, 5, and 6 are summarized in Table S3 .
Density Functional Theory Calculations
Density functional theory (DFT) calculations were performed with the Amsterdam Density Functional (ADF) program suite, 6, 7 version 2012.01. 8 The triple-ζ Slater-type orbital TZ2P ADF basis set was utilized without frozen cores. Relativistic effects were included through use of the zeroth-order regular approximation (ZORA). 9, 10 The functional used was BP86, and the local density approximation (LDA) of Vosko, Wilk and Nusair 11 (VWN) was coupled with the generalized gradient approximation (GGA) corrections described by Becke 12 and Perdew 13, 14 for electron exchange and correlation. Single point frequency calculations were performed to verify that the calculated geometries were at their minima. Molecular orbitals and final geometries were visualized with the ADF-GUI. Figure S1 . Carbonyl stretching region of the FT-IR spectrum of complex 1 in acetonitrile solution. Complexes 2-4 display similar patterns in this region (see Table S1 ). Complex 1 has υ(CO) stretches at 2016 cm -1 , 1904 cm -1 , 1877 cm -1 , and 1832 cm -1 . Figure S4 . Faradaic efficiency study of W(bpy-tBu)(CO) 4 (4) in dry acetonitrile with carbon dioxide at -2.3 V. Slope corresponds to 109 ± 7% Faradaic efficiency for the conversion of CO 2 to N 2 . This is uncorrected for the amount of CO produced for the loss of a carbonyl ligand upon the second reduction. 1  2  3  4  2016  2009  2015  2007  1904  1892  1901  1888  1877  1873 a  1875  1870 a  1832  1828  1830  1826 a This signal overlaps with the larger signal at higher wavenumbers Table S3 . Crystallographic data and refinement information. 
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